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(57) [fittl 

can] mm^Jxfczm^xfsmzn ? v*- 1 y 
c j»«^a ] wmu* i 8 ^ssjftEfflwsfli 1 cc«i& 

2JKOi«ffl»jRtIA?n5*/S/7>^l 9 

cvD(c*jivr, «=e^^5>*f^ 1 9%S«^^iSR 

«Hl««R«:*5W4JiJtJ»^^aEbtfSA 1 5 0 0 

o«. *^«Ktr*or*y^^>^ i 9 (*»#) 




1 

Zlv'vX-vfrhipte.v'Jiih&Stifli 1 ©#*£ili§;* 

^2©#x£c©:/7XvHt;j2-#>ms£F»j-e£i— -ft-r io 

jus^t? j*r i ©#* i ©mwfc^ja&K j: o xmmm 
mm&icmmomzfcmr 2 ©# * £ . buibss^ 
a«*s«:*A-r siSAfttfmifa^ x^m c^mrnas. 

e*ffgAg©i 5 0 ofstrFi&oTusci^gfc 

if StX^XvCVDJSg. 20 
[»#JS2] i!ulB#Xft!&«*i. zfzrX-rfflU.&ibW. 

*^©iTSIf^ 1 IBigCD^XvC VDgg. 

T'^Xv^MtSS 1 ©ilSi . 

191277 X?&jS«(cisl>r Wmzf? X-? £ 7 5 X? 

HD^mg^CCfc «3 HDji»^m20Mgi. 

•5>m3<Djlgi, 30 

2 ©#* ^-{tr s S2tft««: j: o . wmmm* 
wmznzmmmm , ®'^Zi-itztitc'm 2 ©#**{» 

mmtp&visijhz-sitsm 1 ©#* it-nam 2 <djjx <t 

■T*SS5©ia?I<b**rU 

we ^'^ x 7K cjMbwm& t mmmmmmfc tamm. 
s<di 5 0 ofe&CFtte^x^zct&imt-rz 40 

wmm 1 ©#*©?' 5 x?^^ ciitf). m 1 ortzom 
#s?i#Eg;* nytT-^x-T'K c&«>^«£<frr * 7 

7X7CVDgITfeot 1 

«fcor. fJfB!Si^S««:^TM©0%^^-S^2©^ 50 



#§92 00 1 - 1 6437 1 
2 

x£se&a^«:^A-r&«a©$Attaiiaw6ftfc 

S«<fc©fg«cWU 

^rfert-C^I— {kT-S/c«f)©*-XffifS^*i|9:W 6tl-C*J 
0 . iuiE*/*<&£« 4 miIB»*fflS«©Sit^iI©^g| 

immi^mmmicisi'-f^mmw-^^mh ?©i 5 
0 0 fgyr <t a -o r t»s c i -r s 7- 5 X7C v 

Dilg. 

[sw^ssi muaxmmi)^ axm&Wixm.* 
«c^ff cc(4g-r s«&tfe©!£fH£ -c* s c t *mmt ■? 
znam 4 iats©x^ x7cvd mm. 

[f»>J096 ] 7 , 7X7MiKtel,>tf 1 ©#X© 
77X74Mt2.Il©Igi. 
MIB^^X-r^^icfc^-CBalB^^Xv^y^X^ 

^X-^BfJDiA&II&e^ Eg<**ifc?l*iIOt:> m 

U^=7X-7lPh^t=7V>f3^^tS^ 1 ©^/X*C©-7' 
vXvHDii»m@fe<!:^^«*&«i©Pa{C«*ST^»^ 
3©j®fl<h» 

B?IB**X Eg 3 ftfcJSgfc©agA?L*> 6 5 

4 ©©Si. 

H?ia#X#W&«#. rtSBKt&WeWc. S&2 ©#*£&! 

saasfuis^-ft $ ntcm 2<dhx %mi&? zm 5 © 

fria ax mtsfc t mt mmmmw. t<Dmm.?fft<D$m 
an, m&&mmwici<5V*>iimm¥-i$}&&nm\ s© 1 

5 0 0teJyT£ftoTl>£C<b*^±^£:/7XvC 
[000 1] 

g*3<fc!^cn%fflt>/c7 - 5XvCVD7rSKHb. ^ 

^7 X74M)|( ti WWlii 5 y t 
-h^XvCVDSg, tei^'Jt-h^XvCV 

d k «fc h *mm%)-t<cm®ti:m<D&j8.jm< l c&t>z *> © 

[0002] 

[g£*©8tfl5] 7vX^V*-V*Wn\sU1fit>W&^ 
om&tiLZmf^X-rCVDi&mol-olC. ^7X7 
£i&SSi$ <b S«*affi^l|SR <t *7>srr S'it-F^X 
7CVDg§*'*2 l . CO'Jt-h^X?^!^ 

fcCVDiofffli, ^^^W^T'a-fe^ccfctir 

mmm&zr^j x^-mom^'U xz<m-?2>tc#><D. 



3 

[0003] xwmy?? y^^i^t 4*?v<<<d7.4 

Stmt 0S;u«$H¥5 -21393 ccH^sti 
r c^cfc 5 ^^tf^s u f 77x7c v d£sb**bs 

[0 0 04] Z<D$&m<D*)*:- h :/^X-7C V DiSH 
B7eC7j*TJ:5K:, ^ftfTS^^XvCVD^I 

k** c 3 <o&& s n £*tft us 2 <h «jattEnjki« 

x^6£^dc#£&(d-c£>£ 0 x-?mc&&nm 
8 iis^«En»nms 1 ©w w-m^m c c ^/c^bs 

4 *£©;tf**^r iwi^R{cii&^ 

*ifc*tt *}>*Jl>4 ft i'OSSBLh®F*i^«A®S^ 
— i ft 0 , Sfi 3 «c* W *»tt^J^ffi#*BffitS«K: 

[0005] £*>K, J3*©a*««:*t*rtt, 
*:/u-kd?l r^^^^^^;i/4(Dfflii?L5<D«a 

fc* 0*«S*r*4»tt*fXPi»?L93&SHW6 
ftTteO % 7t?*;U4 iiMfetf* 1 0 <h©^fflj5J&£ffi 

fcfc c >T A®S^-^MS^pJ#6 4 ft o r c . 

6) ZBt&L, ZV^vX^frhy^X^fflCihitomm 
8<D^#;l/jIi&?L5£iIU Sfita$ft/c01<D#*<D 

xzmmmmmmRicm&L. *te#x«sm9a>6« 

[0 00 7] *>->^> (SiH4) (O 

2) <b<DJSJ£«:j:S»{b^y 3>^£tT5*§£-fc:te> 

a*. ^xv^c^mS8«:^Min$nri^/c 
m2<Dtfz (*&#x 1 0 ) #^»OD*tfetf*i*W 

±f2StflJEl£&;J:> SS3©&Jiffif*3T*i^-{c|acO, S 
«<3 CDftffiCtfcj— ftJBiJgjST 4 C t ifiV £ 
[0 00 8]±2L/t^cIfi^ WWH- 
h^XvCVDggH ^7^Ifi±«:^h7 
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hfiiRIi^SK^'^^ (Si02) 
M^lti^nVM (Si3N4&L< «SixNy) , Hi; 
< *S«Jhec»B h7>^ ^OrSffii^- 

fch7>^ *5gT<D@imiig 4 ft £i8<t^ y n >jg 

[0 009] 

10 iWia?L5©wia«c*tt^«»a9*Rwr. *te# 

XDaJW?L9^6ffi^-^tftt^Xl 0CDey££tf:te5 
±3£U/cfi£*#l («W?5 -2 1 3 9 3) fc 
HTSSnri^i^Cc, *S«JSO^^XvBBCi&»« 
@8^5C<i:W^ CO*S«Jg©^^X^BBi; 
ii*«S8«:*jtir». B8©HCi&&»«OTffiE|;teJ: 
CA'B 9 CD [13 D&#>^&i:M0fc:^jVr J: K: ^ JUiliS 

?L5i*tt//^iia?L9<fc*is^sta«: <#« 3*1-0 

OiJWB?0, ^HHWr7y^l/4iiptt^ 1 0 

20 4*5jEi£^aci»aci. 

[0010] ccr^sio77X7&iD^ii8 

Bl OK^f ^^XvHDii«>««8Wffi8Bk: 
RW6hfc*tt^iAf 1 2rt>6, 1 0*7 

[0011] co>te3Kn<D^£r«. :^Xvg)D&& 

30 HEJjtmm&s nt)^+niTo r r-SSmTo r 
r <h<ffiEr&& 0 C<D/t#>B 1 1 ©«AH«C«SW«C^ 

8 4<DSiK^itt<D*tt^Xi|a«?L9^6^^<D*tt 

1 o#p»W3*itusi\ *te#**A«i 2*»e> 

ac*«l#7L9^6«d>«©*tt^ 1 0 O^SWStK 

[0012] CCDcfc^OC, *ffi^©ffip^— ftcf>tt*fX 

40 — ft«4«JiE^4fca&CC«, cpft^ 1 o*««-i-4^ 
^XvKDii^^®8 iS«3 &OBglBD«S< -T*i« 
cfct^o Tft*>%, m2<DiiX (*ffetf*l 0) 3&Sffirt^ 
i*-{c»««Ul»«RR:«|&3ti, WlO^xijRtmb 

[0013] Lfruft&h. ±xmtDifi&»tnt % m 

50 *e>tt&©-c\ S«3^BS«:lijat* S«jftr». S«3 



(4) 

5 

C 0 0 1 4 ] 0H*.tf . 500mmx600mmO*7^ 

8 0 Ommfi^C&O. X^X-rBBGiiSbmSiSSi 
©ffiS&D 1 3*PH;S?O80 0mmigKt5i+» 
(c^-Hbf^ffi^ns., l-*>U&#£StfB{b^KlS«:j: 

RJcfcttSStfBtp-c-. *;H#©sioxift (jj&gmr 20 

[0016] &mite. C©«fc 5 &??f*©TCC& 3ttfi: 
fc©-C. ^m^SJ&KJrS'^-f-X^XvCVD^ 

7 , 7X-7CVDiSfc<fcOfJ ; e-h7 - 7XvCVDOT 30 
[00 17] 

ab*niiia. ^ 2 ©#x*g«#iH6W!&{cigA-r s^a 

Siftmsj©^fSS#. S«®aigl^«c*jW*)jSm^@ 
StfSA s© 1 5 0 0 e«Ti«otfc») . 

«rt-cftj-<b^-5/c26©^xtetfc«^t9:w enr i^-s c 

<,>*«. ftffc«K:J:9X7X-?HDi£«!>1I 40 

?ii5fc», s«BLi:®rt-c©^-^m+l<b^SJCc;*sS2 
co. fr^mztf* ifimmmmmmicmx 3 nr *> 6 s 

««c»l*r**rK:iHc fc3S{b3*KJ£©IIIifc#iiHl 
6g3ft. ja«racS{cJ:-5^ta-e©t^g*5p t g^( / ^'< 
JMCtt©J3n-2>ft:tf>. S£iiSg1S±«Cffil*i^— CM&ft 
Jl£ff*Ji£-f.5>C<!:#ffl3fcS. t/c^^-Cti. Jfl2©# 
X «»®ffiSMm3IA-r S*»A?L#ffig 3 nX5 X-v 
HC&»il@<ti!^gS«©r.fl«t{^T* 

^s»fi©sa*(^©s8tA^ s««ia«««c*s^5 50 



<ffiH2 001-164371 
6 

mm^-mU^VmX g©l 5 0 0|g«Ti6otis 

•3. ^OBo^*x«j&««iti^i*r*orsr2©*'x 
£«rtTiSWbTS fc#©#*ftts^#s&tf > & 

tb. ssii:±ffirt-c©^j->a:a^b#jgjr.*5gc*). *» 
os& 2 //^ #g«^a^(t3?A 3 ft -cm* hwm&m 

tSSTfcgciSi ftXfb^Sf&OEKK^MB 3 ft . 
i^J^«t£S»trc©taj£g#r.>W=tc> i^jnettw 

■rsci^ujjfe-s. 

[ 0 0 1 8 ] Wije® 1 sEM<mmt> ^XvCVDg 

3tl©#X©X^Xv£BCjA«>. ^l©**^©WflBX 
7X-7tPt><P& ; 7i'*JJl>i-£tsm 1 ©#*£ffiil3-t*S 
?L#KSi 3 fttc rf=y XvH C &«>m@«£ mr £ X5 X 

vcvD^g-c^-o-c. frfex5Xv^GjA«6meg^ 

cf^SrAO. F*3§BK:|g2©*fX£C©X7XvHD 

jii&m^ffirt-c^i— ^ b^- zfc*b<Dij* ffism-hmu h ft 

■CteO. 9ifiact>tt^y*;U£©mtB'fb^JSJS«cJ:-c.-Cmr 

ieSitS8«iK:BifS©j^?r^-r-2.^2©*'x*, mrte 

Sffi«&cieg3*i. B?fB7'^XvBgDjii6«@S£BufB 
«*aSS£©iliS^©!E^*5. SSSatSM^tcfcW 
•S.SSJl^^SfttfgA g©l 5 0 OfgfcTFifto-Ct* 

[0019] 3£#3f 2 iBiS©#£9!M:. SjtJR3S 1 gB«©X 

7XvcvDgiicfci,>r, iirriB#x3Ktfc«ai. 

*£-C&£C£*!J$S!t<';Ta„ 

[0 02 0] 19*^3 S2tt©*K«. X^XvCVDJS 

©^^xv^fig^-s^iwiaiii. Mia^xv^s 
^{cfc^rBuia^^xv^^^xvBacji^s^Jc 

«tDI3Cii*-5^2©jag<!:. 77X-7HDii*meS 

ieastxfc?L*ab-c. iiriB^x-^etpi*-^ 

*;U*^tflff 1 ©^x*S«A5S^^iija$-a-S^3 
©itgi. BulBX7X-7H0jisf)^Sfi*i. rtSPJCgaw 

hfttc, m2<Drtz.zi$}--ib-tz>*f?.immt l cj:K>, w. 
mm&m&tam 3 ft zmfcusmmm^Xi-it 3 n/c^ 2 
©//^4#w&-r-s^4©ja^<i:. HMBBftt^y^^^ 

ism 1 ©^X£b5IB^2 ©^ <!:©mtBfb^5lSK:<i: o 

-c. mmmm&tcwTm<Dm*:mi$.T : hms<Dimt*:& 

StfgA g©l 5 OOiKTi^oTWCti^Sli 
[0 02 1 ] »*314iBtg©^?g« > ^7X7CVDg 



iw&m s titc 75 x-?m c&&>m&&zm-rz> ?y x 
^omAK^m^^titcij^m^^m^^x^mo 

fcC^^figM^MF^e^f^A gCD 1 5 0 OfgOTi&o 
[0 02 2 ] ft#^5fat8<D^H8G*, IA3dI 4 f ei8<D :/ 

^x^cvD^iiicfcc^r, Mie#xS£i*«^ #x{* 

ji^shc&h-c, x^^j&mmtfC^xmi <oax 
<Dy*7X^zBf&tzmi<Dj&mt. mzy^x-?^ 
mmctoi,>xmM7y x-?%y~, x^mc&tbmmfottc 

i)\ mw.ztitcR*m^x, wmy'^x^^^^ 
xfrz^tsm i (oax zcoy^ x-?m c &&>mm& t 
tj^m^mt<of^cm^^r^m3<om^t. fjfe#x« 

zmmzmmm^-itz txtcm 2 <o#x *i*m?2>m 
m2<Drtxt<Dimit¥JxfciiC&^x, wmmfatcm 

[0 0 2 4] 

[0025] ccdsk^t, m^w-^^-Y^yX 
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wnm%:M£* + >'*. ig^?g^i3. s^Erawm 
ffii. ss3^^F-r^rsjMS2. tfitt72?*;i'*$ 

X-v^c&#>mg2 0£<@x., ^X^Bgoiitf) 
m@2 OCDfflM^^&tfX (PJx«, 1 
9) £«AT£*14#x«Alrl 2lc£-?xmi&2tiX 

[0 02 6]$/c, ^^X^KDiA^^g2 0(C«, J*J 

«ffi2 0©Kffi«B8H*H2«:m'r. CCDStete^T. 
^XvHDi&»«fi-hfflHR2 6 i^X^CiA&H 

1 9^^j-K:^T^/c«)0^<5D^ffi; 

[0 0 2 7 ] a2CC*5l>Tte v :t*^X^HDjA#>^E± 
20 SBS2 6i»l<D^Xffi|SES2 3<h<D|ffltC*yt/^>^ 
X19^M$n, *Si/?>tfX 1 93^01 <D#Xffi 
»K2 3<D?19 ACCctor^— {t2ft, •3^«C»2<0* 
Xffif^2 4(D?L9B&C<£oT:fcj— {fcSft. «««c^^ 
X^HDii«)««Tap«2 7CCRW6tifc*tt^PR« 
?L9#>6, ffiF^— (Ct/->7>^ 1 9#S&3K:[Sj 

[0 02 8] CCT\ ?L9A, ?L9 B&tf *&#X*W 

^2 1 <h^y^7>^ 1 9 £#fi^S*ifc<,>J:5 
30 Ct, #K3*rC (S6£br) . ^^XvH0i^Sffi2 

^^XvHG^mS_bS{5fi2 6<h^^XvHGiA^ 
ST8WE2 7(DrH*KaLrn*. H2tJi»l 
(Dffitfc® 2 3 <b®2 (DffitiS2 4 <b CD 2 feOffifi® 

urt>6#. ccoffifj(S«ift'Cfe2ft«±cDS^tS[r 

[0 0 2 9] ^5Xv^DjA^mfeJia5S2 6^6^7 
40 Xv^CiiJ6m@T^«2 7<DWtcSii5n/c^^^ 
il®?L5<D^P?LS«, ^$1f/c®*^^Xv2 2^: 

72 2«C*5W4^Xv<0f s ^-<SO2««"PBfl[©S 

[00 3 0]^, i3it ^^XvBBO^mffiJbSB 
fi2 6i^XvHDii»«ffiT»R2 7©¥ffiH*S* 
l/ct>OTAS fl S3 (a) «^7X7HG^li± 
5PS2 6<D^®a^:^0, 03 (b) «^^X7g3Dii 

50 [0 0 3 1 ] CCT» V 03 (a) «C*5l»r % -XyX^m 
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£/c, 03 (b) KteUT, ^^X^CjAd?)^ 
T8&«2 7Kte, ffiD&&6*l/c:MJ£^X^2 2*P 

Kfi2 3Sa'S2©^fi;li(fi2 4) ©¥IH*/T0t 

CCt, ±IB2ft<7);tf*t£f5rt6, m 
*2 3 RCJW2 2 4 B\ S2(D»1(D^ 
i£ffc«2 3 £»2<D#*ffi;ttfi2 4 0C*fj£OTO*. 
[0 0 3 3] 14 (a) fcfc^r, 111 l<D#Xffitt«2 

ft. M4 (b) KfcOT, *2<D^XJE»«2 4CCtt % 20 
^ *7 fSX 3 * * * 1* # ;Uil^?L 5 

9#, *^ifi©Bf3ea>««P©. ^^*Jl/a«?L5i 

[0034] cct, fi«p», an <DtfXWM&2 3 
OtCt9^-r^<h#C(D2fe(Dffit$(S*S*afc^ > 
*5*"r. "Tttfe^ SS2CD;tfXfi;ifcK2 4CC:fe<,>T, * 

it*^aa?L9^» i 2 3rcDpg?naa<t 30 

[0 03 5]"«WW±IfCCte^r. i*f-K:*tt#XiI 

Ci^CcfcO. 01 lK^TJ^te^tttfX^A'gl 2f^ 

*BSF<fc<t*s-r#. 2&3<Dg|ffiK:>tfLr, cfcOffiWS 
— tt*tt*f^ 1 9*> <D{j*j|££ 

?T5C<fc#r££ 0 40 

$m&2 3 i^2(D^'Xffi;t5rK2 4<fc*. ^XvHO 
iA&^g 2 0 CC^a*r S t S C © 2 ft<Dffitfc«£M;teft: 

[0 03 7]:£te, H1/B2, S3*5cfctfE4£#ra 

D^scccfc^, »3*n^omts/y3>«oj»aE* so 



*§f§§2 00 1 - 1 64 37 1 
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»Hi^ftI«ffil©Tffi3^^y5XvHt;ii«)«a2 0 
<D*lfij6Ci^-fC^$n, fi£»« (B4lCStlllO» 
X»|WR2 3ac«l2 0»»«2 4) t*TS?9X7 
EJDiA#^@2 0<t(DPi3r, MttESHl 3»6Mlil! 

[003 8] C©yo-tt««c<tO»^S*ifcB»^ 
Xv 2 2 i* % iSSiSBWD^S 1 4 *9 X^H Di&»«C 
2 0 4OIBr»*J:<BBi;c«>6tiS. fcDSML 09*. 

ii77X72 2fcfctt4:/^X-efRK#l 0 10 c 
nr'HKrfcSCDecJtU ^^Xv^DiA^^S2 0 <*: 

0'cm' 3 -l O'cm-'lUiftorW. 
[00 3 9] -rtttofe, BX^7Xv22fK:tt, « 

KSRiH^s^k MiR^a^SE*-*^ ^^x 
^«c«AT £ Wf fc J: 4*^> OM»C # £*IgcDg: 

Si/^l/HTs 1 9 iKJjSl/, mt^^>ISi^ 
r*o«, BBRIH^^*;^, BBR^^rtJk fed: 

[0 04 0] fit, B»^^*^*5<fcO p B«^2 1 

i*. ^^^WKa?L5*aor«^a«j«R«:jtij[ 
u *tt^wm9^e)iai*sti^>^^>^x i 

Si Ox, SiOxHy, S i Hy^C EoyWiVcAs 'i3> 

^> y n 3 3 tiZ c 4 (c J: 0 , 

[0041] ccr^^xvHi;ii«)«S2 o<bS^3 

tt^K* (M»^^*il/*J<fclJ««^2 1 ) /*:si<> 
7>I^X0TOS4lgAg01 5 0 om&TF (tc 
tcL, r 0 j ^a^.^>^) fc&iJr^RSStir^S. 

c©ffifBD(c<to, «Hffc^s«w. a#jcciitp(D*«i 

Mt/Tlr>&fcae>. Si Ox, SiOxHy, SiHyft 

[0042] W^«, ^7X?aS3 0 0 o C, *-r>^EE/J 
2 5 OmT o r r{C*5C>r, K*/^r^^^>tl^X 
(WISaftXgA gtt»6 0 Mmt?*SJffc«&. ^7X7 
Hi;ii«&««i»R4oe«ID«9 OmmaTtrtit* 

r, S«fiS3 0 0U S4EK»««RBEA2 5 0mT 
o r r, XHjfiEflhtil a^t^XvjWhftlft 



(7) 

11 

f^iSt8 00 sccm, rp&tfxmAWl Z^m 
&1rZ>*:yis"yZs1J*mMb s c c m<D3zftX?f&mbtc 

Kftfj mos (£jg • mitm ; %m») * 

[0 04 3] S5CC;fe<,>T, y7X7^Dii*li2 0 
ii«3iOE(ID4, 3 0 0 mm^C Ltcm^t. 6 0 

[0 04 4] cncc*fur, ^xv«i;^i2 0 

£S&3£<Dffig|D£, 3 0 0mmiUMUcI© 

20 

[0045] ±j&Ltcmmmt$ctei,>x % s^msm^ 
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(54) PLASMA CVD SYSTEM AND PLASMA CVD FILM DEPOSITION METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reconcile the suppression of the surplus 
progression of vapor phase chemical reaction and uniform film deposition 
in a remote plasma CVD in which film deposition is executed by using 
vapor phase chemical reaction. 

SOLUTION: In remote plasma CVD in which gaseous oxygen 18 is fed to 
a high-frequency applying electrode 1, oxygen radicals and oxygen §: 
molecules 21 are brought into reaction with gaseous monosilane 19 j| 
introduced in a substrate treating region R other than oxygen plasma 22, j?! 
and the surface of a substrate 3 is deposited with a film, the distance 
beteen a plasma confining electrode 20 arranged with an introducing port 
introducing the gaseous monosilane 19 into the substrate treating region 
R and the vertical direction of the substrate 3 (the substrate to be 
deposited) is controlled to <1500 times the average free path Xg at the 
time of film deposition in the substrate treating region R, and also, the 
plasma confining electrode 20 is provided with gas diffusion boards each 
with a hollow structure (a first gas diffusion board and a second gas 
diffusion board) for uniformizing the gaseous monosilane 19 (neutral gas) 
in the boards. 



LEGAL STATUS 

[Date of request for examination] 10.1 1.2000 

[Date of sending the examiner's decision of rejection] 08.07.2003 
[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiners decision of 
rejection] 

[Date of requesting appeal against examiner s decision 
of rejection] 

CDate of extinction of riehtl acST AVAILABLE COPY 



http://www1 9.ipdl.ncipi.gojp/PA1 /result/detail/main/wAAAj3aabTDA41 31 64371 P1 .htm 



2006/05/1 1 



Searching PAJ ■ 2/2 v 



Copyright (C); 1 998.2003 Japan Patent Office 



BEST AVAILABLE COPY 

http://vmw19Jpdl.ncipi.gojp/PA1/result/detail/main/wAAAj3aabTDA413164371P1.htm 2006/05/11 



JP V 2001 -164371, A [CLAIMS] 



1/2 ^— v 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The substrate processing field in which a deposited substrate is installed, and the plasma production 
field which forms the plasma of the 1st gas, Separate said substrate processing field and plasma production field, 
and the plasma of said 1st gas is shut up. It is plasma-CVD equipment which has the plasma confinement 
electrode plate with which the hole which passes the 1st gas which contains a neutral radical from said plasma 
of the 1st gas has been arranged. Said plasma confinement electrode plate is hollow structure, and the gaseous 
diffusion plate for equalizing the 2nd gas within this plasma confinement electrode plate is formed in the interior. 
The 2nd gas which forms the desired film in said deposited substrate by the gaseous-phase chemical reaction 
with the 1st gas containing said neutral radical The introductory hole introduced into said substrate processing 
field is arranged at said plasma confinement electrode plate. Plasma-CVD equipment characterized by the 
distance of the perpendicular direction of said plasma confinement electrode plate and said deposited substrate 
being 1500 or less times of mean free path lambdag at the time of membrane formation of the mixed gas of said 
neutral radical in a substrate processing field, and said 2nd gas. 

[Claim 2] Plasma-CVD equipment according to claim 1 characterized by said gaseous diffusion plates being two 
or more diffusion plates mutually located in parallel within a plasma confinement electrode. 

[Claim 3] The 1st process which forms the plasma of the 1st gas in a plasma production field, The 2nd process 
which shuts up said plasma with a plasma confinement electrode plate in said plasma production field, The 3rd 
process in which a plasma confinement electrode plate lets the arranged hole pass, and a neutral radical is 
passed from said plasma to a substrate processing field, Said plasma confinement electrode plate with the 
gaseous diffusion plate which was formed in the interior and which equalizes the 2nd gas By the gaseous-phase 
chemical reaction of the 4th process which supplies the 2nd gas equalized to the substrate processing field in 
which a deposited substrate is installed, the 1st gas containing said neutral radical, and said 2nd gas The 
plasma-CVD membrane formation approach characterized by having the 5th process which forms the desired 
film in a deposited substrate, and the distance of the perpendicular direction of said plasma confinement 
electrode plate and said deposited substrate having become 1500 or less times of mean free path lambdag at the 
time of the membrane formation in a substrate processing field. 

[Claim 4] The substrate processing field in which a deposited substrate is installed, and the plasma production 
field which forms the plasma of the 1st gas, Separate said substrate processing field and plasma production field, 
and the plasma of said 1st gas is shut up. By the gaseous-phase chemical reaction with the 1st gas which is 
plasma-CVD equipment which has the plasma confinement electrode plate with which the hole which passes the 
1st gas which contains a neutral radical from said plasma of the 1st gas has been arranged, and contains said 
neutral radical It has the gas supply plate with which two or more introductory holes which introduce into a 
substrate processing field the 2nd gas which forms the desired film in said deposited substrate were prepared 
between deposited substrates a plasma confinement electrode plate and said first half. Said gas supply plate is 
hollow structure, and the gaseous diffusion plate for equalizing the 2nd gas within a plate is formed in the 
interior. Plasma-CVD equipment characterized by the distance of the perpendicular direction of said gas supply 
plate and said deposited substrate being 1 500 or less times of mean free path lambdag at the time of the 
membrane formation in a substrate processing field. 

[Claim 5] Plasma-CVD equipment according to claim 4 characterized by said gaseous diffusion plates being two 
or more diffusion plates located in parallel mutually in gas supply Sakauchi. 

[Claim 6] The 1st process which forms the plasma of the 1st gas in a plasma production field, The 2nd process 
which shuts up said plasma with a plasma confinement electrode plate in said plasma production field, The 3rd 
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process which supplies the 1st gas by which a plasma confinement electrode plate lets the arranged hole pass, 
and contains a neutral radical from said plasma between this plasma confinement electrode plate and a gas 
supply plate, The 4th process in which the 1st gas by which said gas supply plate contains a neutral radical from 
two or more arranged introductory holes is passed to a substrate processing field, and said gas supply plate with 
the gaseous diffusion plate which was formed in the interior and which equalizes the 2nd gas By the gaseous- 
phase chemical reaction of the 5th process which supplies the 2nd gas equalized to the substrate processing 
field in which a deposited substrate is installed, the 1st gas containing said neutral radical, and said 2nd gas The 
plasma-CVD membrane formation approach characterized by having the 6th process which forms the desired 
film in a deposited substrate, and the distance of the perpendicular direction of said gas supply plate and said 
deposited substrate having become 1500 or less times of mean free path lambdag at the time of the membrane 
formation in a substrate processing field. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the formation approach of the film precise to the remote 
plasma-CVD equipment which separates a plasma production field and a substrate processing field especially, 
and the large area homogeneity by remote plasma CVD about the plasma-CVD approach which used plasma- 
CVD equipment and this. 



[Description of the Prior Art] There is remote plasma-CVD equipment which divides a plasma production field 
and the substrate processing field R into one of the plasma-CVD equipment which performs film formation to a 
substrate controlling a plasma damage. Formation of the CVD film using this remote plasma equipment serves as 
a very important technique as a treatment process of thin film creation for producing a high-reliability device 
and a high performance device in a semiconductor device process. 

[0003] As remote plasma-CVD equipment which can respond to large-sized substrates, such as a switching 
transistor formation process of a large area flat-panel display, a drive circuit transistor formation process, and a 
diameter silicon wafer process of macrostomia, parallel monotonous remote plasma-CVD equipment which is 
indicated by JP,5-21 393,A, for example is indicated. 

[0004] As the parallel monotonous mold remote plasma-CVD equipment in the remote plasma-CVD equipment 
of this conventional example is shown in drawing 7 , the plasma confinement electrode 8 using the mesh plate 
which two or more holes opened is formed between the counterelectrodes 2 apd the RF impression electrodes 1 
with which a substrate 3 is installed in conventional parallel monotonous plasma-CVD equipment. And parallel 
monotonous mold remote plasma-CVD equipment shuts up the plasma 6 between this plasma confinement 
electrode 8 and the RF impression electrode 1. the large area shut up between the plasma confinement 
electrode 8 and the RF impression electrode 1 parallel being monotonous — substrate right above side internal 
division cloth, such as the neutral radical 4 supplied to the substrate processing field R from the uniform plasma 
6 in order to supply gas, such as the neutral radical 4, to the substrate processing field R, — a large area — it 
becomes uniform and has the features that the thin film formation processing in a substrate 3 can carry out to 
homogeneity also to a large area substrate. 

[0005] furthermore, generation processing of the film of on the process the inert gas nozzle 9 which injects inert 
gas 10 is formed near the hole 5 of a mesh plate, i.e., the passage hole of a radical 4, in the above-mentioned 
conventional example, and using the gaseous phase reaction of a radical 4 and inert gas 10, and as opposed to a 
substrate 3 — setting — a large area — uniform processing is possible. 

[0006] namely, when the parallel monotonous remote plasma-CVD equipment shown in drawin g 7 performs 
membrane formation (generation processing of a thin film) accompanied by a gaseous-phase chemical reaction in 
the substrate processing field R The plasma (plasma 6) of the 1st gas which contributes to a reaction is formed. 
The radical passage hole 5 of the plasma confinement electrode 8 from this plasma Through, It is made to react 
with the 2nd gas which supplies the radical (radical 4) of the 1st excited gas, and the 1st gas which is not 
excited to the substrate processing field R, and is supplied from the inert gas nozzle 9, and a membrane 
formation precursor required for thin film generation is formed. 

[0007] For example, in performing silicon oxide membrane formation by the reaction of a mono silane (SiH4) and 
oxygen (02), make the 1st gas into oxygen and let the 2nd gas be a mono silane. Since opening of many radical 
passage holes 5 and inert gas nozzles 9 is carried out to the plasma confinement electrode 8 at this time, if the 
2nd gas (inert gas 10) is supplied to homogeneity from many inert gas nozzles 9, the above - mentioned gaseous 
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phase reaction in the substrate processing field R occurs in homogeneity in the right above side of a substrate 
3, and can form the uniform film in the front face of a substrate 3. 

[0008] Since it has mentioned above, promising ** of the parallel monotonous mold remote plasma-CVD 
equipment is carried out as an approach of forming the silicon oxide (Si02) film used as the gate dielectric film 
of a thin film transistor, a silicon nitride film (Si3N4 or SixNy), the amorphous silicone film that similarly serves as 
a barrier layer of a thin film transistor, and a gate electrode on a large-sized glass substrate, the oxidation 
silicone film which serves as an interlayer insulation film of a transistor component on a large-sized Si substrate 
further, a silicon nitride film, etc. on a large-sized glass substrate. 



[Problem(s) to be Solved by the Invention] When the inert gas nozzle 9 tends to be formed near the radical 
passage hole 5 as mentioned above, and it is going to supply uniform inert gas 10 in a field from the inert gas 
nozzle 9, the plasma confinement electrode 8 of hollow structure will be used as indicated by the conventional 
example (JP,5-21 393,A) mentioned above. In the plasma confinement electrode 8 of this hollow structure, as 
drawin g 8 shuts up, an electrode side elevation and drawin g 9 shut up and it is shown in an electrode plan, the 
radical passage hole 5 and the inert gas passage hole 9 are formed independently (dissociating) respectively, a 
radical 4 and inert gas 10 are mixed in a hollow field, and a radical 4 and inert gas 10 do not react in a hollow 



[0010] As shown in drawing 9 or drawing 10 , as an approach of supplying inert gas 10, the approach of supplying 
inert gas 10 in the hollow field of the plasma confinement electrode 8 from the inert gas installation tubing 12 
formed in plasma confinement electrode 8 lateral portion is indicated by the plasma confinement electrode 8 of 
hollow structure in the conventional example here from the vacuum chamber exterior. 

[0011] By the approach of this conventional example, the pressures in the centrum in the plasma confinement 
electrode 8 are the membrane formation pressure of the substrate processing field R, and comparable, i.e., 
dozens mTorKs) - hundreds mTorKs), and low voltage, for this reason, as typically shown in the conceptual 
diagram of drawin g 1 1 , a great portion of inert gas 10 will be injected from the inert gas nozzle 9 near the 
connection of the inert gas installation tubing 12 and the plasma confinement electrode 8, and only little inert 
gas 10 is injected from the nozzle 9 far from the inert gas installation tubing 12 — having — ** — it is ** and 
the fault that injection of uniform inert gas 10 will be difficult in a field is shown in the front face of a substrate 
3. 

[0012] Thus, what is necessary is just to lengthen distance D of the plasma confinement electrode 8 and 
substrate 3 which inject inert gas 10, in order for injection of uniform inert gas 10 to form the uniform film in 
substrate 3 front face in a field in a difficult situation in the field to a front face. That is, if the 2nd gas (inert gas 
10) is supplied to the substrate processing field R at the ununiformity within a field and the 1st gas and 
gaseous-phase chemical reaction are caused, in the neighborhood to which the 2nd gas was supplied, the 
substrate 3 right above side internal division cloth of the resultant (membrane formation precursor) generated as 
a result of the gaseous-phase chemical reaction will also serve as an ununiformity. 

[0013] However, since the time amount diffused in the parallel direction to substrate 3 front face will be enough 
given while the 2nd gas and resultant move even a substrate 3 if the above-mentioned distance D excels, when 
arriving at substrate 3 front face, the field internal division cloth in substrate 3 front face equalizes. In this 
membrane formation approach, to the width of face W of a CVD chamber, if the distance D of the plasma 
confinement electrode 8 and a substrate 3 is large, it will become easy to acquire an equalization operation. 
[0014] For example, in forming membranes to a 500mmx600mm glass substrate, the width of face W of a CVD 
chamber is set to about 800mm, and if distance D13 of a plasma confinement electrode and a substrate is set to 
about 800mm of the same die length, an equalization operation will fully appear. However, it sets to membrane 
formation by the gaseous-phase chemical reaction. The plasma confinement electrode 8 with which the nozzle 9 
which injects inert gas 10 as mentioned above was formed, If distance D with a deposited substrate (substrate 3) 
is lengthened, the gaseous phase reaction of the 1st gas and the 2nd gas containing a neutral radical will 
progress superfluously, and in the gaseous phase in the substrate processing field R the film generated since 
grain (membrane formation precursor) growth progressed and this grown-up grain accumulated on a deposited 
substrate front face — a non-dense — the problem of being easy to become dense arises. 

[0015] For example, when performing silicon oxide membrane formation by the gaseous-phase chemical reaction 
of a mono silane and oxygen, a particle-like SiOx grain (membrane formation precursor) will grow in the gaseous 
phase in the substrate processing field R. the non-dense generated as mentioned above — since defect density 
is high, it is large and leakage current becomes low also in withstand voltage, the dense film cannot be used for 



[0009] 



field. 
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the gate dielectric film of a thin film transistor etc. 

[0016] This invention is to have been made under such a background and offer the remote plasma-CVD 
equipment and the remote plasma— CVD forming-membranes method for it being precise on a deposited 
substrate and being able to perform uniform film deposition in a field, without causing the grain growth by the 
superfluous gaseous-phase chemical reaction, which can supply a membrane formation precursor in membrane 
formation by the remote plasma-CVD approach by the gaseous-phase chemical reaction. 
[0017] 

[Means for Solving the Problem] It is characterized by to form the gaseous-diffusion plate for this invention 
being 1 500 or less times of mean free path lambdag at the time of membrane formation [ in / in the distance of 
the perpendicular direction of the plasma confinement electrode plate with which the introductory hole which 
introduces the 2nd gas into a substrate processing field has been arranged, and a deposited substrate / a 
substrate processing field ] t in order to attain the above-mentioned purpose, and said plasma-confinement 
electrode plate being hollow structure, and equalizing the 2nd gas within a plate. Since the 2nd gas is equalized 
within a plasma confinement electrode plate with a diffusion plate and it is introduced into a substrate 
processing field, The count of a chemical reaction is restricted, various base which the uniform gaseous-phase 
chemical reaction in a substrate right above side occurs, and happens after the 2nd gas is introduced into a 
substrate processing field before reaching a substrate — Since the grain growth by the gaseous phase by 
overresponse is controlled by satisfactory level, the uniform and precise film can be formed in a field on a 
deposited substrate. Moreover, the distance of the perpendicular direction of the gas supply plate which the 
introductory hole which introduces the 2nd gas into a substrate processing field is arranged in this invention, and 
is located between a plasma confinement electrode and a deposited substrate, and a deposited substrate It is 
characterized by forming the gaseous diffusion plate for being 1500 or less times of mean free path lambdag at 
the time of the membrane formation in a substrate processing field, and said gas supply plate being hollow 
structure, and equalizing the 2nd gas within a plate. Since the 2nd gas is equalized within a gas supply plate with 
a diffusion plate and it is introduced into a substrate processing field, The count of a chemical reaction is 
restricted, various base which the uniform gaseous-phase chemical reaction in a substrate right above side 
occurs, and happens after the 2nd gas is introduced into a substrate processing field before reaching a substrate 
— Since the grain growth by the gaseous phase by overresponse is controlled by satisfactory level, the uniform 
and precise film can be formed in a field on a deposited substrate. 

[0018] The substrate processing field in which, as for invention according to claim 1, a deposited substrate is 
installed in plasma-CVD equipment, Separate the plasma production field which forms the plasma of the 1st gas, 
and said substrate processing field and plasma production field, and the plasma of said 1st gas is shut up. It is 
plasma-CVD equipment which has the plasma confinement electrode plate with which the hole which passes the 
1st gas which contains a neutral radical from said plasma of the 1st gas has been arranged. Said plasma 
confinement electrode plate is hollow structure, and the gaseous diffusion plate for equalizing the 2nd gas within 
this plasma confinement electrode plate is formed in the interior. The 2nd gas which forms the desired film in 
said deposited substrate by the gaseous-phase chemical reaction with said neutral radical The introductory hole 
introduced into said substrate processing field is arranged at said plasma confinement electrode plate, and it is 
characterized by the distance of the perpendicular direction of said plasma confinement electrode plate and said 
deposited substrate being 1500 or less times of mean free path lambdag at the time of the membrane formation 
in a substrate processing field. 

[0019] Invention according to claim 2 is characterized by said gaseous diffusion plates being two or more 
diffusion plates mutually located in parallel within a plasma confinement electrode in plasma-CVD equipment 
according to claim 1. 

[0020] The 1st process in which invention according to claim 3 forms the plasma of the 1st gas in a plasma 
production field in the plasma-CVD membrane formation approach, The 2nd process which shuts up said plasma 
with a plasma confinement electrode plate in said plasma production field, The 3rd process in which the 1st gas 
by which a plasma confinement electrode plate lets the arranged hole pass, and contains a neutral radical from 
said plasma is passed to a substrate processing field, Said plasma confinement electrode plate with the gaseous 
diffusion plate which was formed in the interior and which equalizes the 2nd gas By the gaseous-phase chemical 
reaction of the 4th process which supplies the 2nd gas equalized to the substrate processing field in which a 
deposited substrate is installed, the 1 st gas containing said neutral radical, and said 2nd gas It has the 5th 
process which forms the desired film in a deposited substrate, and is characterized by the distance of a 
perpendicular direction with a deposited substrate being 1500 or less times of mean free path lambdag at the 
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time of the membrane formation in a substrate processing field a plasma confinement electrode plate and said 
first half. 

[0021] The substrate processing field in which, as for invention according to claim 4, a deposited substrate is 
installed in plasma-CVD equipment, Separate the plasma production field which forms the plasma of the 1st gas, 
and said substrate processing field and plasma production field, and the plasma of said 1st gas is shut up. By the 
gaseous-phase chemical reaction with the 1st gas which is plasma-CVD equipment which has the plasma 
confinement electrode plate with which the hole which passes the 1st gas which contains a neutral radical from 
said plasma of the 1st gas has been arranged, and contains said neutral radical It has the gas supply plate with 
which two or more introductory holes which introduce into a substrate processing field the 2nd gas which forms 
the desired film in said deposited substrate were prepared between said plasma confinement electrode plate and 
said deposited substrate. It is characterized by being hollow structure, forming the gaseous diffusion plate for 
equalizing the 2nd gas within a plate in the interior, and said gas supply plate having become 1500 or less times 
of mean free path lambdag at the time of membrane formation [ in / in the distance of the perpendicular 
direction of said gas supply plate and a deposited substrate / a substrate processing field ]. 
[0022] Invention according to claim 5 is characterized by said gaseous diffusion plates being two or more 
diffusion plates located in parallel mutually in gas supply Sakauchi in plasma-CVD equipment according to claim 
4. 

[0023] The 1st process in which invention according to claim 6 forms the plasma of the 1st gas in a plasma 
production field in the plasma-CVD membrane formation approach, The 2nd process which shuts up said plasma 
with a plasma confinement electrode plate in said plasma production field, The 3rd process which supplies the 
1st gas by which a plasma confinement electrode plate lets the arranged hole pass, and contains a neutral 
radical from said plasma between this plasma confinement electrode plate and a gas supply plate, The 4th 
process in which the 1st gas by which said gas supply plate contains a neutral radical from two or more arranged 
introductory holes is passed to a substrate processing field, and said gas supply plate with the gaseous diffusion 
plate which was formed in the interior and which equalizes the 2nd gas By the gaseous-phase chemical reaction 
of the 5th process which supplies the 2nd gas equalized to the substrate processing field in which a deposited 
substrate is installed, the 1st gas containing said neutral radical, and said 2nd gas It has the 6th process which 
forms the desired film in a deposited substrate, and is characterized by the distance of the perpendicular 
direction of said gas supply plate and said deposited substrate being 1500 or less times of mean free path 
lambdag at the time of the membrane formation in a substrate processing field. 
[0024] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained with reference to a 
drawing. Drawin g 1 is the conceptual diagram showing the cross section of the configuration of the remote 
plasma-CVD (chemical vapor growth) equipment by 1 operation gestalt of this invention. Oxidation silicone film 
formation [ in / for 1 operation gestalt of this invention / the parallel monotonous remote plasma-CVD 
equipment of oxygen / silane system ] is taken for an example, and it explains with reference to drawing below 
at a detail. About the same configuration as the conventional example, the same sign is attached and explanation 
of this configuration is omitted. 

[0025] In this drawing parallel monotonous remote plasma-CVD equipment As fundamentally shown in drawing 
1 , the radical passage hole 5 and the inert gas nozzle 5 which pass the vacuum chamber in which evacuation is 
possible, RF generator 13, the high frequency impression electrode 1, the counterelectrode 2 that supports a 
substrate 3, and the gas containing a neutral radical (installation) are prepared. And it is constituted by the inert 
gas installation tubing 12 which is equipped with the plasma confinement electrode 20 grounded electrically, and 
introduces inert gas (for example, mono silane 19) from the side face of the plasma confinement electrode 20. 
[0026] Moreover, the diffusion plate which has a radical passage hole and an inert gas nozzle prepares in the 
interior at the plasma confinement electrode 20, and it is ********. The cross-section schematic diagram of the 
plasma confinement electrode 20 which has this diffusion plate is shown in drawing 2 . In this drawing, the 1st 
gaseous diffusion plate 23 and the 2nd gaseous diffusion plate 24 are formed, and are in the centrum inserted 
into the plasma confinement electrode up plate 26 and the plasma confinement electrode lower plate 27 
(arranged)., two or more gaseous diffusion plates, i.e., 1 operation gestalt, for diffusing mono-silane gas (inert 
gas) 19 in homogeneity 

[0027] In drawing 2 , mono-silane gas 19 is supplied between the plasma confinement electrode up plate 26 and 
the 1st gaseous diffusion plate 23. Mono-silane gas 19 is equalized by hole 9A of the 1st gaseous diffusion plate 
23. Furthermore it is equalized by hole 9B of the 2nd gaseous diffusion plate 24, and mono-silane gas 19 is 
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injected toward a substrate 3 by the homogeneity within a field from the inert gas nozzle 9 finally prepared in the 
plasma confinement electrode lower plate 27. 

[0028] Here, it dissociates (becoming independent) and hole 9A, hole 9B and the inert gas nozzle 9, and the 
radical passage hole 5 are respectively formed in the plasma confinement electrode 20 so that an oxygen radical 
and the oxygen molecule 21, and mono-silane gas 19 may not be mixed. In order to perform the above- 
mentioned separation, the radical passage hole 5 is a connected hole which was formed with the wall isolated 
from the field where a mono silane exists, and has penetrated between the plasma confinement electrode up 
plate 26 and the plasma confinement electrode lower plates 27. In addition, although drawin g 2 shows two 
diffusion plates of the 1st diffusion plate 23 and the 2nd diffusion plate 24, one sheet, two or more two sheets or 
more, or how many sheets are sufficient as this diffusion plate. 

[0029] The opening aperture of the radical passage hole 5 penetrated between the plasma confinement 
electrode up plate 26 and the plasma confinement electrode lower plate 27 is set as the die length of 2 double 
less or equal extent of the Debye length of the plasma in the generated oxygen plasma 22 so that the generated 
oxygen plasma 22 can be shut up efficiently. 

[0030] Next, drawing 3 shows the top view of the plasma confinement electrode up plate 26 and the plasma 
confinement electrode lower plate 27. Drawin g 3 (a) shows the top view of the plasma confinement electrode up 
plate 26, and drawin g 3 (b) shows the top view of the plasma confinement electrode lower plate 27. 
[0031] Here, in drawing 3 (a), the radical passage hole 5 which passes the gas containing a neutral radical is 
punctured by predetermined spacing within the plate at homogeneity from the oxygen plasma 22 shut up by the 
plasma confinement electrode up plate 26. Moreover, in drawing 3 (b), from the oxygen plasma 22 shut up by the 
plasma confinement electrode lower plate 27, the radical passage hole 5 which passes the gas containing a 
neutral radical is punctured by predetermined spacing at the homogeneity in a plate, and the inert gas nozzle 9 is 
punctured by predetermined spacing in the location which is not in agreement with this radical passage hole 5 at 
the homogeneity in a plate. 

[0032] Next, drawing 4 shows the top view of a gaseous diffusion plate (the list gaseous diffusion plate 23 and 
2nd gaseous diffusion plate 24). Here, two above-mentioned gaseous diffusion plates, the 1st gaseous diffusion 
plate 23, and the 2nd gaseous diffusion plate 24 are equivalent to the 1st gaseous diffusion plate 23 of drawing 
2 , and the 2nd gaseous diffusion plate 24. 

[0033] In drawing 4 (a), the radical passage hole 5 which passes the gas which contains a neutral radical in the 
1st gaseous diffusion plate 23 is punctured by predetermined spacing within a plate at homogeneity, and the 
inert gas passage hole 9 is punctured by homogeneity in the location which is not in agreement with the radical 
passage hole 5 of the predetermined field Q near a core. Moreover, in drawing 4 (b), the radical passage hole 5 
which passes the gas which contains a neutral radical in the 2nd gaseous diffusion plate 24 is punctured by 
predetermined spacing within a plate at homogeneity, and the inert gas passage hole 9 is punctured by 
homogeneity in the location which is not in agreement with the radical passage hole 5 of the predetermined field 
P near a core. 

[0034] Here, Field P shows a field larger than Field Q in plane view, including the above-mentioned field Q, when 
installing the 1st gaseous diffusion plate 23 and the 2nd gaseous diffusion plate 24 in the plasma confinement 
electrode 20 and these two diffusion plates are piled up. That is, the inert gas passage hole 9 is not only 
punctured by the puncturing location in the 1st gaseous diffusion plate 23, and the same location, but in the 2nd 
gaseous diffusion plate 24, the inert gas passage hole 9 is further punctured by the periphery field. 
[0035] On the whole surface in a diffusion plate, although opening of the hole of inert gas passage may be 
carried out to homogeneity, as mentioned above By devising the location of the hole of the diffusion plate which 
plurality piles up as shown in drawing 4 As shown in drawing 1 1 , it can prevent a lot of gas being ir\jected by the 
substrate processing field R in the inert gas installation tubing 12 neighborhood, and uniform inert gas (for 
example, mono-silane gas 1 9 grade) can be supplied more in a field to the front face of a substrate 3. 
[0036] moreover, in the configuration of a diffusion plate, when installing the 1st gaseous diffusion plate 23 and 
the 2nd gaseous diffusion plate 24 in the plasma confinement electrode 20 and these two diffusion plates are 
piled up, the configuration which forms the mono-silane gas (inert gas) 19 of two or more diffusion plates so that 
the hole to pour, i.e., hole 9A, and hole 9B may not lap in plane view (it is not located on a straight line — as) is 
also possible. 

[0037] Next, with reference to drawing 1 , drawing 2 , drawing 3 , and drawing 4 , the formation approach of the 
oxidation silicone film to substrate 3 front face by the remote plasma-CVD equipment by 1 operation gestalt of 
this invention is explained below. Within the CVD chamber in an evacuation condition (it has a predetermined 
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pressure) Introduce oxygen gas 18 into the RF impression electrode 1, and this oxygen gas 18 is supplied in the 
direction of the plasma confinement electrode 20 from the inferior surface of tongue of the RF impression 
electrode 1 at homogeneity. Glow discharge is made to start from RF generator 13 by the RF supplied to the RF 
impression electrode 1 between the plasma confinement electrodes 20 which have a diffusion plate (the 1st 
gaseous diffusion plate 23 and the 2nd diffusion plate 24 which are- shown in drawing 4 ). 

[0038] The oxygen plasma 22 generated by this glow discharge is efficiently shut up between the RF impression 
electrode 1 and the plasma confinement electrode 20. The plasma consistency between the plasma confinement 
electrode 20 and a counterelectrode 2 (or substrate 3) has become about [ 105cm - 3-1 06cm - ] three to the 
plasma consistency in the result 22, for example, the oxygen plasma, being about [ 1010cm - ] three. 
[0039] That is, although an electron, oxygen atom ion, oxygen molecular ion, an oxygen atom radical, an oxygen 
molecule radical, and an oxygen molecule exist in the oxygen plasma 22, it is shown that the electron and ion 
which invade out of the plasma are the amount of extent which can be disregarded. Therefore, what it reacts 
with the mono-silane gas 19 injected by the substrate processing field R besides the oxygen plasma 22, and is 
contributed to silicon oxide film membrane formation is an oxygen atom radical, an oxygen molecule radical, and 
an oxygen molecule that is not excited. 

[0040] And an oxygen radical and the oxygen molecule 21 are diffused to the substrate processing field R 
through the radical passage hole 5, and the mono-silane gas 19 and the gaseous-phase chemical reaction which 
were injected from the inert gas nozzle 9 are caused. Of this gaseous-phase chemical reaction, silicon oxide 
precursors (membrane formation precursor), such as SiOx, SiOxHy, and SiHy, are formed, and when this formed 
silicon oxide precursor accumulates on substrate 3 front face, an oxidation silicone film is formed in substrate 3 
front face. 

[0041] The distance D of the plasma confinement electrode 20 and a substrate 3 (vertical distance) is set up 
here so that it may become 1 500 or less (however, number exceeding "0") times of average free process 
lambdag of the oxygen (the oxygen radical and oxygen molecule 21) / mono-silane mixed gas in the substrate 
processing field R. Since it has controlled that a gaseous-phase chemical reaction progresses superfluously with 
this distance D, when oxidation silicone film precursors, such as SiOx, SiOxHy, and SiHy, carry out grain growth 
by the gaseous phase in the substrate processing field R, it does not grow up to be particle-like magnitude. 
[0042] For example, what is necessary is just to set distance D of a plasma confinement electrode and a 
substrate to 90mm or less in the gas temperature of 300 degrees C, and chamber pressure 250mTorr, since 
average free process lambdag of oxygen / mono-silane mixed gas is about 60 micrometers. The leak current 
characteristic when using as the gate dielectric film of an MOS (metal, oxide-film, and semi-conductor) capacitor 
the oxidation silicone film which actually formed membranes as an example which formed the oxidation silicone 
film on condition that the substrate temperature of 300 degrees C, substrate processing field R pressure 
250mTorr, oxygen flow rate 800sccm supplied to a plasma field through the RF impression electrode 1, and 
mono-silane quantity-of-gas-flow 5sccm supplied to the inert gas installation tubing 12 is shown in drawing 5 . 
[0043] In drawing 5 , the leak current density value has changed a lot by the case where distance D of the 
plasma confinement electrode 20 and a substrate 3 is set to 300mm, and the case where it is made 60mm. That 
is, the leak current characteristic of the film which formed the distance D of the plasma confinement electrode 
20 and a substrate 3 as 60mm has near, the electric insulating property [ it is good and ] which can be used as 
gate dielectric film and the interlayer insulation film of a thin film transistor, and pressure-proofing in the current 
characteristic of the silicon thermal oxidation film. 

[0044] On the other hand, big leakage current is flowing from the low electric-field field, the leak current 
characteristic of the film which formed the distance D of the plasma confinement electrode 20 and a substrate 3 
as 300mm has an electric insulating property and low pressure-proofing to gate dielectric film and the interlayer 
insulation film of a thin film transistor, and they cannot use it for them. 

[0045] In the experiment conditions mentioned above, average free process lambdag of the oxygen / mono- 
silane mixed gas in the substrate processing field R is about 60 micrometers. At this time, it corresponds by 
about 5000 times the above-mentioned average free process lambdag the distance D of an electric insulating 
property and the plasma confinement electrode 20 with lower pressure-proofing, and a substrate 3, i.e., 300mm. 
[0046] On the other hand, it corresponds by about 1000 times the above-mentioned average free process 
lambdag the distance D of an electric insulating property and the plasma confinement electrode 20 with lower 
pressure-proofing, and a substrate 3, i.e., 60mm. If the distance D of the plasma confinement electrode 20 and a 
substrate 3 is 5000 times as large as the above-mentioned average free process lambdag, the gaseous-phase 
chemical reaction of an oxygen radical and the oxygen molecule 21, and mono-silane gas 19 will progress too 
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much, the particle which carried out grain growth in the gaseous phase in the substrate processing field R will 
accumulate on substrate 3 front face as film, and it will be guessed that the roughness and fineness film has 
been formed in substrate 3 front face. 

[0047] On the other hand, if it is the distance D of the about 1000 times [ of the above-mentioned average free 
process lambdag ] plasma confinement electrode 20, and a substrate 3, the gaseous-phase chemical reaction of 
an oxygen radical and the oxygen molecule 21, and mono-silane gas 19 will not progress too much, grain growth 
in a gaseous phase will be restricted, and it will be guessed that a particle-like oxidation silicone film precursor 
does not accumulate as film in substrate 3 front face. 

[0048] Moreover, as mentioned above, since the plasma consistency between the plasma confinement electrode 
20 and a counterelectrode 2 is very low, compared with the usual parallel monotonous plasma CVD, the plasma 
damage to a substrate 3 is stopped very low. 

[0049] To the case on the front face of silicon in which the front face of a substrate 3 forms an MOS interface, 
this effectiveness When it appears notably and Si02 film is formed on a single crystal silicon substrate by the 
usual parallel monotonous plasma CVD When an oxidation silicone film is formed by parallel monotonous remote 
plasma CVD to the MOS interface-state-density consistency being 101 1-101 2cm-2eV-1 near a mid gap, it 
becomes an about [ -1010cm-2eV-1 ] low interface-state-density consistency. 

[0050] As mentioned above, although 1 operation gestalt of this invention has been explained in full detail with 
reference to a drawing, a concrete configuration is not restricted to this operation gestalt, and even if the design 
change of the range which does not deviate from the summary of this invention etc. occurs, it is included in this 
invention. For example, the parallel monotonous remote plasma CVD by the 2nd operation gestalt is explained 
using drawing 6 . Drawing 6 is the conceptual diagram showing the cross section of the configuration of parallel 
monotonous mold remote plasma-CVD equipment. About the same configuration as the conventional example 
and 1 operation gestalt, the same sign is attached and explanation of this configuration is omitted. 
[0051] In this drawing, the parallel monotonous mold remote plasma-CVD equipment of drawing 6 differing from 
the parallel monotonous remote plasma-CVD equipment of drawing 1 is that the gas supply plate 29 which the 
inert gas installation tubing 12 is connected, introduces inert gas (mono-silane gas 19) into it, equalizes gas 
concentration with the gaseous diffusion plate formed in the interior, and is injected to a substrate side does not 
have the function of plasma confinement. 

[0052] For this reason, that aperture is arbitrary if homogeneity injection of a radical 4 is possible for the radical 
passage hole 5 of the gas supply plate 29 which has a diffusion plate. Moreover, it is also possible to use it in the 
state of electric suspension, without grounding electrically. That is, although the gas supply plate 29 of the 
configuration itself is the same as that of the plasma confinement electrode 20 in 1 operation gestalt, the 
apertures of the point and radical passage hole which are not grounded differ. 

[0053] In addition, this gas supply plate 29 is located between the plasma confinement electrode 8 and a 
counterelectrode 2, and it is set up so that the distance F of the gas supply plate 29 and a substrate 3 may 
become 1500 or less (however, number exceeding "0") times of average free process lambdag of the oxygen 
(the oxygen radical and oxygen molecule 21) / mono-silane mixed gas in the substrate processing field R. 
[0054] Except the above, it has the structure where the plasma confinement electrode 20 which has the gas 
supply plate 29 which has a diffusion plate in the 2nd operation gestalt, and a diffusion plate in 1 operation 
gestalt is the same. Moreover, the view about the relation of distribution of the hole which passes the radical 
passage hole and inert gas in the structure of the gaseous diffusion plate in the gas supply plate 29 and the 
number of gaseous diffusion plates, and a gaseous diffusion plate etc. is the same as that of the gaseous 
diffusion plate (the 1st gaseous diffusion plate and 2nd gaseous diffusion plate) formed in the plasma 
confinement electrode 20 in 1 operation gestalt. 

[0055] Moreover, it is the same as that of the view about the distance D of the plasma confinement electrode 20 
and substrate 3 in 1 operation gestalt, an oxygen radical and the oxygen molecule 21, and the gaseous-phase 
chemical reaction of mono-silane gas 19 do not progress too much, grain growth in a gaseous phase is 
restricted, and particle does not deposit the view over the distance F of the gas supply plate 29 and a substrate 
3 on the front face of a substrate 3 as film, either. 

[0056] In the above 1 operation gestalt and the 2nd operation gestalt, although the silicon oxide film formation 
using a mono silane and oxygen was mentioned as the example and this invention was explained, liquid Si raw 
materials, such as high order silanes, such as a disilane, and TEOS (Tetraethoxysilane), etc. are sufficient instead 
of a mono silane, and nitrous oxide, nitrogen oxide, etc. may be used instead of oxygen. 

[0057] Moreover, although explained by the remote plasma-CVD equipment in 1 operation gestalt and the 2nd 
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operation gestalt which were mentioned above mentioning oxidation silicone film formation as an example Even if 
it uses the silicon nitride film formation by the reaction of a mono silane and ammonia etc. for the plasma-CVD 
membrane formation accompanied by the gaseous-phase chemical reaction of other ingredient systems, the 
same effectiveness as the film generated with 1 operation gestalt and the 2nd operation gestalt can be acquired 
to the generated film. 

[0058] Furthermore, although the example using parallel monotonous remote plasma-CVD equipment was given 
in the gestalt of the above operation, this invention will be applied, even if it is equipments of what kind of 
gestalt, such as plasma-CVD equipment using the microwave plasma, the electron cyclotron resonance plasma, 
inductively coupled plasma, and the helicon wave plasma, if it is plasma-CVD equipment with which two or more 
holes were prepared between the plasma production field and the substrate processing field R and which has a 
plasma confinement electrode for plasma separation. 



[Effect of the Invention] According to the remote plasma-CVD equipment of this invention, in the remote plasma 
CVD which forms membranes by the gaseous-phase chemical reaction, concentration of the inert gas which can 
control a superfluous advance of a gaseous-phase chemical reaction, and is injected out of a plasma field can be 
made into homogeneity on a deposited substrate. Therefore, according to the remote plasma-CVD equipment of 
this invention, in case gate dielectric film and the interlayer insulation film of a MOS device are produced, the 
precise film which does not contain particle etc. can be formed in a large area substrate at homogeneity. 



[Translation done.] 



[0059] 



http://www4.ipdl.ncipi.gojp/cigi-bin/tran.web_cgi_eije 




2006/05/1 1 



JP,2001-164371,A [TECHNICAL FIELD] 



1/1 ^-v 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the formation approach of the film precise to the remote 
plasma-CVD equipment which separates a plasma production field and a substrate processing field especially, 
and the large area homogeneity by remote plasma CVD about the plasma-CVD approach which used plasma- 
CVD equipment and this. 



[Translation done.] 
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3.1n the drawings, any words are not translated. 



[Description of the Prior Art] There is remote plasma-CVD equipment which divides a plasma production field 
and the substrate processing field R into one of the plasma-CVD equipment which performs film formation to a 
substrate controlling a plasma damage. Formation of the CVD film using this remote plasma equipment serves as 
a very important technique as a treatment process of thin film creation for producing a high-reliability device 
and a high performance device in a semiconductor device process. 

[0003] As remote plasma-CVD equipment which can respond to large-sized substrates, such as a switching 
transistor formation process of a large area flat-panel display, a drive circuit transistor formation process, and a 
diameter silicon wafer process of macrostomia, parallel monotonous remote plasma-CVD equipment which is 
indicated by JP.5-21393A for example is indicated. 

[0004] As the parallel monotonous mold remote plasma-CVD equipment in the remote plasma-CVD equipment 
of this conventional example is shown in drawing 7 , the plasma confinement electrode 8 using the mesh plate 
which two or more holes opened is formed between the counterelectrodes 2 and the RF impression electrodes 1 
with which a substrate 3 is installed in conventional parallel monotonous plasma-CVD equipment. And parallel 
monotonous mold remote plasma-CVD equipment shuts up the plasma 6 between this plasma confinement 
electrode 8 and the RF impression electrode 1. the large area shut up between the plasma confinement 
electrode 8 and the RF impression electrode 1 parallel being monotonous — substrate right above side internal 
division cloth, such as the neutral radical 4 supplied to the substrate processing field R from the uniform plasma 
6 in order to supply gas, such as the neutral radical 4, to the substrate processing field R, — a large area — it 
becomes uniform and has the features that the thin film formation processing in a substrate 3 can carry out to 
homogeneity also to a large area substrate. 

[0005] furthermore, generation processing of the film of on the process the inert gas nozzle 9 which injects inert 
gas 10 is formed near the hole 5 of a mesh plate, i.e., the passage hole of a radical 4, in the above-mentioned 
conventional example, and using the gaseous phase reaction of a radical 4 and inert gas 10, and as opposed to a 
substrate 3 — setting — a large area — uniform processing is possible. 

[0006] namely, when the parallel monotonous remote plasma-CVD equipment shown in drawing 7 performs 
membrane formation (generation processing of a thin film) accompanied by a gaseous-phase chemical reaction in 
the substrate processing field R The plasma (plasma 6) of the 1st gas which contributes to a reaction is formed. 
The radical passage hole 5 of the plasma confinement electrode 8 from this plasma Through, It is made to react 
with the 2nd gas which supplies the radical (radical 4) of the 1st excited gas, and the 1st gas which is not 
excited to the substrate processing field R, and is supplied from the inert gas nozzle 9, and a membrane 
formation precursor required for thin film generation is formed. 

[0007] For example, in performing silicon oxide membrane formation by the reaction of a mono silane (SiH4) and 
oxygen (02), make the 1st gas into oxygen and let the 2nd gas be a mono silane. Since opening of many radical 
passage holes 5 and inert gas nozzles 9 is carried out to the plasma confinement electrode 8 at this time, if the 
2nd gas (inert gas 10) is supplied to homogeneity from many inert gas nozzles 9, the above-mentioned gaseous 
phase reaction in the substrate processing field R occurs in homogeneity in the right above side of a substrate 
3, and can form the uniform film in the front face of a substrate 3. 

[0008] Since it has mentioned above, promising ** of the parallel monotonous mold remote plasma-CVD 
equipment is carried out as an approach of forming the silicon oxide (Si02) film used as the gate dielectric film 
of a thin film transistor, a silicon nitride film (Si3N4 or SixNy), the amorphous silicone film that similarly serves as 
a barrier layer of a thin film transistor, and a gate electrode on a large-sized glass substrate, the oxidation 
silicone film which serves as an interlayer insulation film of a transistor component on a large-sized Si substrate 
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further, a silicon nitride film, etc. on a large-sized glass substrate. 
[Translation done.] 
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* NOTICES * 
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LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] According to the remote plasma-CVD equipment of this invention, in the remote plasma 
CVD which forms membranes by the gaseous-phase chemical reaction, concentration of the inert gas which can 
control a superfluous advance of a gaseous-phase chemical reaction, and is injected out of a plasma field can be 
made into homogeneity on a deposited substrate. Therefore, according to the remote plasma-CVD equipment of 
this invention, in case gate dielectric film and the interlayer insulation film of a MOS device are produced, the 
precise film which does not contain particle etc. can be formed in a large area substrate at homogeneity. 



[Translation done.] 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] When the inert gas nozzle 9 tends to be formed near the radical 
passage hole 5 as mentioned above, and it is going to supply uniform inert gas 10 in a field from the inert gas 
nozzle 9, the plasma confinement electrode 8 of hollow structure will be used as indicated by the conventional 
example (JP,5-21393,A) mentioned above. In the plasma confinement electrode 8 of this hollow structure, as 
drawing 8 shuts up, an electrode side elevation and drawing 9 shut up and it is shown in an electrode plan, the 
radical passage hole 5 and the inert gas passage hole 9 are formed independently (dissociating) respectively, a 
radical 4 and inert gas 10 are mixed in a hollow field, and a radical 4 and inert gas 10 do not react in a hollow 
field. 

[0010] As shown in drawing 9 or drawing 10 , as an approach of supplying inert gas 10, the approach of supplying 
inert gas 10 in the hollow field of the plasma confinement electrode 8 from the inert gas installation tubing 12 
formed in plasma confinement electrode 8 lateral portion is indicated by the plasma confinement electrode 8 of 
hollow structure in the conventional example here from the vacuum chamber exterior. 

[001 1] By the approach of this conventional example, the pressures in the centrum in the plasma confinement 
electrode 8 are the membrane formation pressure of the substrate processing field R, and comparable, i.e., 
dozens mTorr(s) - hundreds mTorKs), and low voltage, for this reason, as typically shown in the conceptual 
diagram of drawin g 1 1 , a great portion of inert gas 10 will be injected from the inert gas nozzle 9 near the 
connection of the inert gas installation tubing 12 and the plasma confinement electrode 8, and only little inert 
gas 10 is injected from the nozzle 9 far from the inert gas installation tubing 12 — having — ** — it is ** and 
the fault that injection of uniform inert gas 10 will be difficult in a field is shown in the front face of a substrate 
3. 

[0012] Thus, what is necessary is just to lengthen distance D of the plasma confinement electrode 8 and 
substrate 3 which inject inert gas 10, in order for injection of uniform inert gas 10 to form the uniform film in 
substrate 3 front face in a field in a difficult situation in the field to a front face. That is, if the 2nd gas (inert gas 
10) is supplied to the substrate processing field R at the ununiformity within a field and the 1st gas and 
gaseous-phase chemical reaction are caused, in the neighborhood to which the 2nd gas was supplied, the 
substrate 3 right above side internal division cloth of the resultant (membrane formation precursor) generated as 
a result of the gaseous-phase chemical reaction will also serve as an ununiformity. 

[0013] However, since the time amount diffused in the parallel direction to substrate 3 front face will be enough 
given while the 2nd gas and resultant move even a substrate 3 if the above-mentioned distance D excels, when 
arriving at substrate 3 front face, the field internal division cloth in substrate 3 front face equalizes. In this 
membrane formation approach, to the width of face W of a CVD chamber, if the distance D of the plasma 
confinement electrode 8 and a substrate 3 is large, it will become easy to acquire an equalization operation. 
[0014] For example, in forming membranes to a 500mmx600mm glass substrate, the width of face W of a CVD 
chamber is set to about 800mm, and if distance D13 of a plasma confinement electrode and a substrate is set to 
about 800mm of the same die length, an equalization operation will fully appear. However, it sets to membrane 
formation by the gaseous-phase chemical reaction. The plasma confinement electrode 8 with which the nozzle 9 
which injects inert gas 10 as mentioned above was formed, If distance D with a deposited substrate (substrate 3) 
is lengthened, the gaseous phase reaction of the 1st gas and the 2nd gas containing a neutral radical will 
progress superfluously, and in the gaseous phase in the substrate processing field R the film generated since 
grain (membrane formation precursor) growth progressed and this grown-up grain accumulated on a deposited 
substrate front face — a non-dense — the problem of being easy to become dense arises. 

[0015] For example, when performing silicon oxide membrane formation by the gaseous-phase chemical reaction 
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of a mono silane and oxygen, a particle-like SiOx grain (membrane formation precursor) will grow in the gaseous 
phase in the substrate processing field R. the non-dense generated as mentioned above — since defect density 
is high, it is large and leakage current becomes low also in withstand voltage, the dense film cannot be used for 
the gate dielectric film of a thin film transistor etc. 

[0016] This invention is to have been made under such a background and offer the remote plasma-CVD 
equipment and the remote plasma-CVD forming-membranes method for it being precise on a deposited 
substrate and being able to perform uniform film deposition in a field, without causing the grain growth by the 
superfluous gaseous-phase chemical reaction, which can supply a membrane formation precursor in membrane 
formation by the remote plasma-CVD approach by the gaseous-phase chemical reaction. 



[Translation done.] 
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MEANS 



[Means for Solving the Problem] It is characterized by to form the gaseous-diffusion plate for this invention 
being 1500 or less times of mean free path lambdag at the time of membrane formation [ in / in the distance of 
the perpendicular direction of the plasma confinement electrode plate with which the introductory hole which 
introduces the 2nd gas into a substrate processing field has been arranged, and a deposited substrate / a 
substrate processing field ], in order to attain the above-mentioned purpose, and said plasma-confinement 
electrode plate being hollow structure, and equalizing the 2nd gas within a plate. Since the 2nd gas is equalized 
within a plasma confinement electrode plate with a diffusion plate and it is introduced into a substrate 
processing field, The count of a chemical reaction is restricted, various base which the uniform gaseous-phase 
chemical reaction in a substrate right above side occurs, and happens after the 2nd gas is introduced into a 
substrate processing field before reaching a substrate — Since the grain growth by the gaseous phase by 
overresponse is controlled by satisfactory level, the uniform and precise film can be formed in a field on a 
deposited substrate. Moreover, the distance of the perpendicular direction of the gas supply plate which the 
introductory hole which introduces the 2nd gas into a substrate processing field is arranged in this invention, and 
is located between a plasma confinement electrode and a deposited substrate, and a deposited substrate It is 
characterized by forming the gaseous diffusion plate for being 1500 or less times of mean free path lambdag at 
the time of the membrane formation in a substrate processing field, and said gas supply plate being hollow 
structure, and equalizing the 2nd gas within a plate. Since the 2nd gas is equalized within a gas supply plate with 
a diffusion plate and it is introduced into a substrate processing field, The count of a chemical reaction is 
restricted, various base which the uniform gaseous-phase chemical reaction in a substrate right above side 
occurs, and happens after the 2nd gas is introduced into a substrate processing field before reaching a substrate 
— Since the grain growth by the gaseous phase by overresponse is controlled by satisfactory level, the uniform 
and precise film can be formed in a field on a deposited substrate. 

[0018] The substrate processing field in which, as for invention according to claim 1, a deposited substrate is 
installed in plasma-CVD equipment, Separate the plasma production field which forms the plasma of the 1st gas, 
and said substrate processing field and plasma production field, and the plasma of said 1st gas is shut up. It is 
plasma-CVD equipment which has the plasma confinement electrode plate with which the hole which passes the 
1st gas which contains a neutral radical from said plasma of the 1st gas has been arranged. Said plasma 
confinement electrode plate is hollow structure, and the gaseous diffusion plate for equalizing the 2nd gas within 
this plasma confinement electrode plate is formed in the interior. The 2nd gas which forms the desired film in 
said deposited substrate by the gaseous-phase chemical reaction with said neutral radical The introductory hole 
introduced into said substrate processing field is arranged at said plasma confinement electrode plate, and it is 
characterized by the distance of the perpendicular direction of said plasma confinement electrode plate and said 
deposited substrate being 1500 or less times of mean free path lambdag at the time of the membrane formation 
in a substrate processing field. 

[0019] Invention according to claim 2 is characterized by said gaseous diffusion plates being two or more 
diffusion plates mutually located in parallel within a plasma confinement electrode in plasma-CVD equipment 
according to claim 1. 

[0020] The 1st process in which invention according to claim 3 forms the plasma of the 1st gas in a plasma 
production field in the plasma-CVD membrane formation approach, The 2nd process which shuts up said plasma 
with a plasma confinement electrode plate in said plasma production field, The 3rd process in which the 1st gas 
by which a plasma confinement electrode plate lets the arranged hole pass, and contains a neutral radical from 
said plasma is passed to a substrate processing field, Said plasma confinement electrode plate with the gaseous 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_eije 




2006/05/1 1 



JR2001-1 64371 ,A [MEANS] 



2/6 ^— v 



diffusion plate which was formed in the interior and which equalizes the 2nd gas By the gaseous-phase chemical 
reaction of the 4th process which supplies the 2nd gas equalized to the substrate processing field in which a 
deposited substrate is installed, the 1 st gas containing said neutral radical, and said 2nd gas It has the 5th 
process which forms the desired film in a deposited substrate, and is characterized by the distance of a 
perpendicular direction with a deposited substrate being 1500 or less times of mean free path lambdag at the 
time of the membrane formation in a substrate processing field a plasma confinement electrode plate and said 
first half. 

[0021] The substrate processing field in which, as for invention according to claim 4, a deposited substrate is 
installed in plasma-CVD equipment, Separate the plasma production field which forms the plasma of the 1st gas, 
and said substrate processing field and plasma production field, and the plasma of said 1st gas is shut up. By the 
gaseous-phase chemical reaction with the 1st gas which is plasma-CVD equipment which has the plasma 
confinement electrode plate with which the hole which passes the 1st gas which contains a neutral radical from 
said plasma of the 1st gas has been arranged, and contains said neutral radical It has the gas supply plate with 
which two or more introductory holes which introduce into a substrate processing field the 2nd gas which forms 
the desired film in said deposited substrate were prepared between said plasma confinement electrode plate and 
said deposited substrate. It is characterized by being hollow structure, forming the gaseous diffusion plate for 
equalizing the 2nd gas within a plate in the interior, and said gas supply plate having become 1 500 or less times 
of mean free path lambdag at the time of membrane formation [ in / in the distance of the perpendicular 
direction of said gas supply plate and a deposited substrate / a substrate processing field ]. 
[0022] Invention according to claim 5 is characterized by said gaseous diffusion plates being two or more 
diffusion plates located in parallel mutually in gas supply Sakauchi in plasma-CVD equipment according to claim 



[0023] The 1st process in which invention according to claim 6 forms the plasma of the 1st gas in a plasma 
production field in the plasma-CVD membrane formation approach, The 2nd process which shuts up said plasma 
with a plasma confinement electrode plate in said plasma production field, The 3rd process which supplies the 
1st gas by which a plasma confinement electrode plate lets the arranged hole pass, and contains a neutral 
radical from said plasma between this plasma confinement electrode plate and a gas supply plate, The 4th 
process in which the 1st gas by which said gas supply plate contains a neutral radical from two or more arranged 
introductory holes is passed to a substrate processing field, and said gas supply plate with the gaseous diffusion 
plate which was formed in the interior and which equalizes the 2nd gas By the gaseous-phase chemical reaction 
of the 5th process which supplies the 2nd gas equalized to the substrate processing field in which a deposited 
substrate is installed, the 1 st gas containing said neutral radical, and said 2nd gas It has the 6th process which 
forms the desired film in a deposited substrate, and is characterized by the distance of the perpendicular 
direction of said gas supply plate and said deposited substrate being 1500 or less times of mean free path 
lambdag at the time of the membrane formation in a substrate processing field. 



[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained with reference to a 
drawing. Drawing 1 is the conceptual diagram showing the cross section of the configuration of the remote 
plasma-CVD (chemical vapor growth) equipment by 1 operation gestalt of this invention. Oxidation silicone film 
formation [ in / for 1 operation gestalt of this invention / the parallel monotonous remote plasma-CVD 
equipment of oxygen / silane system ] is taken for an example, and it explains with reference to drawing below 
at a detail. About the same configuration as the conventional example, the same sign is attached and explanation 
of this configuration is omitted. 

[0025] In this drawing parallel monotonous remote plasma-CVD equipment As fundamentally shown in drawing 
1 , the radical passage hole 5 and the inert gas nozzle 5 which pass the vacuum chamber in which evacuation is 
possible, RF generator 13, the high frequency impression electrode 1, the counterelectrode 2 that supports a 
substrate 3, and the gas containing a neutral radical (installation) are prepared. And it is constituted by the inert 
gas installation tubing 12 which is equipped with the plasma confinement electrode. 20 grounded electrically, and 
introduces inert gas (for example, mono silane 19) from the side face of the plasma confinement electrode 20. 
[0026] Moreover, the diffusion plate which has a radical passage hole and an inert gas nozzle prepares in the 
interior at the plasma confinement electrode 20, and it is ********. The cross-section schematic diagram of the 
plasma confinement electrode 20 which has this diffusion plate is shown in drawing 2 . In this drawing, the 1st 
gaseous diffusion plate 23 and the 2nd gaseous diffusion plate 24 are formed, and are in the centrum inserted 
into the plasma confinement electrode up plate 26 and the plasma confinement electrode lower plate 27 



4. 
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(arranged)., two or more gaseous diffusion plates, i.e., 1 operation gestalt, for diffusing mono-silane gas (inert 
gas) 19 in homogeneity 

[0027] In drawing 2 , mono-silane gas 19 is supplied between the plasma confinement electrode up plate 26 and 
the 1st gaseous diffusion plate 23. Mono-silane gas 19 is equalized by hole 9A of the 1st gaseous diffusion plate 
23. Furthermore it is equalized by hole 9B of the 2nd gaseous diffusion plate 24, and mono-silane gas 19 is - 
injected toward a substrate 3 by the homogeneity within a field from the inert gas nozzle 9 finally prepared in the 
plasma confinement electrode lower plate 27. 

[0028] Here, it dissociates (becoming independent) and hole 9A, hole 9B and the inert gas nozzle 9, and the 
radical passage hole 5 are respectively formed in the plasma confinement electrode 20 so that an oxygen radical 
and the oxygen molecule 21, and mono-silane gas 19 may not be mixed. In order to perform the above- 
mentioned separation, the radical passage hole 5 is a connected hole which was formed with the wall isolated 
from the field where a mono silane exists, and has penetrated between the plasma confinement electrode up 
plate 26 and the plasma confinement electrode lower plates 27. In addition, although drawing 2 shows two 
diffusion plates of the 1st diffusion plate 23 and the 2nd diffusion plate 24, one sheet, two or more two sheets or 
more, or how many sheets are sufficient as this diffusion plate. 

[0029] The opening aperture of the radical passage hole 5 penetrated between the plasma confinement 
electrode up plate 26 and the plasma confinement electrode lower plate 27 is set as the die length of 2 double 
less or equal extent of the Debye length of the plasma in the generated oxygen plasma 22 so that the generated 
oxygen plasma 22 can be shut up efficiently. 

[0030] Next, drawing 3 shows the top view of the plasma confinement electrode up plate 26 and the plasma 
confinement electrode lower plate 27. Drawing 3 (a) shows the top view of the plasma confinement electrode up 
plate 26, and drawing 3 (b) shows the top view of the plasma confinement electrode lower plate 27. 
[0031] Here, in drawing 3 (a), the radical passage hole 5 which passes the gas containing a neutral radical is 
punctured by predetermined spacing within the plate at homogeneity from the oxygen plasma 22 shut up by the 
plasma confinement electrode up plate 26. Moreover, in drawin g 3 (b), from the oxygen plasma 22 shut up by the 
plasma confinement electrode lower plate 27, the radical passage hole 5 which passes the gas containing a 
neutral radical is punctured by predetermined spacing at the homogeneity in a plate, and the inert gas nozzle 9 is 
punctured by predetermined spacing in the location which is not in agreement with this radical passage hole 5 at 
the homogeneity in a plate. 

[0032] Next, drawing 4 shows the top view of a gaseous diffusion plate (the 1st gaseous diffusion plate 23 and 
2nd gaseous diffusion plate 24). Here, two above-mentioned gaseous diffusion plates, the 1st gaseous diffusion 
plate 23, and the 2nd gaseous diffusion plate 24 are equivalent to the 1st gaseous diffusion plate 23 of drawing 
2 , and the 2nd gaseous diffusion plate 24. 

[0033] In drawing 4 (a), the radical passage hole 5 which passes the gas which contains a neutral radical in the 
1st gaseous diffusion plate 23 is punctured by predetermined spacing within a plate at homogeneity, and the 
inert gas passage hole 9 is punctured by homogeneity in the location which is not in agreement with the radical 
passage hole 5 of the predetermined field Q near a core. Moreover, in drawing 4 (b), the radical passage hole 5 
which passes the gas which contains a neutral radical in the 2nd gaseous diffusion plate 24 is punctured by 
predetermined spacing within a plate at homogeneity, and the inert gas passage hole 9 is punctured by 
homogeneity in the location which is not in agreement with the radical passage hole 5 of the predetermined field 
P near a core. 

[0034] Here, Field P shows a field larger than Field Q in plane view, including the above-mentioned field Q, when 
installing the 1st gaseous diffusion plate 23 and the 2nd gaseous diffusion plate 24 in the plasma confinement 
electrode 20 and these two diffusion plates are piled up. That is, the inert gas passage hole 9 is not only 
punctured by the puncturing location in the 1st gaseous diffusion plate 23, and the same location, but in the 2nd 
gaseous diffusion plate 24, the inert gas passage hole 9 is further punctured by the periphery field. 
[0035] On the whole surface in a diffusion plate, although opening of the hole of inert gas passage may be 
carried out to homogeneity, as mentioned above By devising the location of the hole of the diffusion plate which 
plurality piles up as shown in drawing 4 As shown in drawing 1 1 , it can prevent a lot of gas being injected by the 
substrate processing field R in the inert gas installation tubing 12 neighborhood, and uniform inert gas (for. 
example, mono-silane gas 1 9 grade) can be supplied more in a field to the front face of a substrate 3. 
[0036] moreover, in the configuration of a diffusion plate, when installing the 1st gaseous diffusion plate 23 and 
the 2nd gaseous diffusion plate 24 in the plasma confinement electrode 20 and these two diffusion plates are 
piled up, the configuration which forms the mono-silane gas (inert gas) 1 9 of two or more diffusion plates so that 
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the hole to pour, i.e., hole 9A, and hole 9B may not lap in plane view (it is not located on a straight line — as) is 
also possible. 

[0037] Next, with reference to drawing 1 , drawing 2 , drawing 3 , and drawing 4 , the formation approach of the 
oxidation silicone film to substrate 3 front face by the remote plasma-CVD equipment by 1 operation gestalt of 
this invention is explained below. Within the CVD chamber in an evacuation condition (it has a predetermined 
pressure) Introduce oxygen gas 18 into the RF impression electrode 1, and this oxygen gas 18 is supplied in the 
direction of the plasma confinement electrode 20 from the inferior surface of tongue of the RF impression 
electrode 1 at homogeneity. Glow discharge is made to start from RF generator 13 by the RF supplied to the RF 
impression electrode 1 between the plasma confinement electrodes 20 which have a diffusion plate (the 1st 
gaseous diffusion plate 23 and the 2nd diffusion plate 24 which are shown in drawing 4 ). 

[0038] The oxygen plasma 22 generated by this glow discharge is efficiently shut up between the RF impression 
electrode 1 and the plasma confinement electrode 20. The plasma consistency between the plasma confinement 
electrode 20 and a counterelectrode 2 (or substrate 3) has become about [ 105cm - 3-1 06cm - ] three to the 
plasma consistency in the result 22, for example, the oxygen plasma, being about [ 1010cm - ] three. 
[0039] That is, although an electron, oxygen atom ion, oxygen molecular ion, an oxygen atom radical, an oxygen 
molecule radical, and an oxygen molecule exist in the oxygen plasma 22, it is shown that the electron and ion 
which invade out of the plasma are the amount of extent which can be disregarded. Therefore, what it reacts 
with the mono-silane gas 19 injected by the substrate processing field R besides the oxygen plasma 22, and is 
contributed to silicon oxide film membrane formation is an oxygen atom radical, an oxygen molecule radical, and 
an oxygen molecule that is not excited. 

[0040] And an oxygen radical and the oxygen molecule 21 are diffused to the substrate processing field R 
through the radical passage hole 5, and the mono-silane gas 19 and the gaseous-phase chemical reaction which 
were injected from the inert gas nozzle 9 are caused. Of this gaseous-phase chemical reaction, silicon oxide 
precursors (membrane formation precursor), such as SiOx, SiOxHy, and SiHy, are formed, and when this formed 
silicon oxide precursor accumulates on substrate 3 front face, an oxidation silicone film is formed in substrate 3 
front face. 

[0041] The distance D of the plasma confinement electrode 20 and a substrate 3 (vertical distance) is set up 
here so that it may become 1500 or less (however, number exceeding "0") times of average free process 
lambdag of the oxygen (the oxygen radical and oxygen molecule 21) / mono-silane mixed gas in the substrate 
processing field R. Since it has controlled that a gaseous-phase chemical reaction progresses superfluously with 
this distance D, when oxidation silicone film precursors, such as SiOx, SiOxHy, and SiHy, carry out grain growth 
by the gaseous phase in the substrate processing field R, it does not grow up to be particle-like magnitude. 
[0042] For example, what is necessary is just to set distance D of a plasma confinement electrode and a 
substrate to 90mm or less in the gas temperature of 300 degrees C, and chamber pressure 250mTorr, since 
average free process lambdag of oxygen / mono-silane mixed gas is about 60 micrometers. The leak current 
characteristic when using as the gate dielectric film of an MOS (metal, oxide-film, and semi-conductor) capacitor 
the oxidation silicone film which actually formed membranes as an example which formed the oxidation silicone 
film on condition that the substrate temperature of 300 degrees C, substrate processing field R pressure 
250mTorr, oxygen flow rate 800sccm supplied to a plasma field through the RF impression electrode 1, and 
mono-silane quantity-of-gas-flow 5sccm supplied to the inert gas installation tubing 12 is shown in drawing 5 . 
[0043] In drawing 5 , the leak current density value has changed a lot by the case where distance D of the 
plasma confinement electrode 20 and a substrate 3 is set to 300mm, and the case where it is made 60mm. That 
is, the leak current characteristic of the film which formed the distance D of the plasma confinement electrode 
20 and a substrate 3 as 60mm has near, the electric insulating property [ it is good and ] which can be used as 
gate dielectric film and the interlayer insulation film of a thin film transistor, and pressure-proofing in the current 
characteristic of the silicon thermal oxidation film. 

[0044] On the other hand, big leakage current is flowing from the low electric-field field, the leak current 
characteristic of the film which formed the distance D of the plasma confinement electrode 20 and a substrate 3 
as 300mm has an electric insulating property and low pressure-proofing to gate dielectric film and the interlayer 
insulation film of a thin film transistor, and they cannot use it for them. 

[0045] In the experiment conditions mentioned above, average free process lambdag of the oxygen / mono- 
silane mixed gas in the substrate processing field R is about 60 micrometers. At this time, it corresponds by 
about 5000 times the above-mentioned average free process lambdag the distance D of an electric insulating 
property and the plasma confinement electrode 20 with lower pressure-proofing, and a substrate 3, i.e., 300mm. 
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[0046] On the other hand, it corresponds by about 1000 times the above-mentioned average free process 
lambdag the distance D of an electric insulating property and the plasma confinement electrode 20 with lower 
pressure-proofing, and a substrate 3, i.e., 60mm. If the distance D of the plasma confinement electrode 20 and a 
substrate 3 is 5000 times as large as the above-mentioned average free process lambdag, the gaseous-phase 
chemical reaction of an oxygen radical and the oxygen molecule 21 , and mono-silane gas 19 will progress too 
much, the particle which carried out grain growth in the gaseous phase in the substrate processing field R will 
accumulate on substrate 3 front face as film, and it will be guessed that the roughness and fineness film has 
been formed in substrate 3 front face. 

[0047] On the other hand, if it is the distance D of the about 1000 times [ of the above-mentioned average free 
process lambdag ] plasma confinement electrode 20, and a substrate 3, the gaseous-phase chemical reaction of 
an oxygen radical and the oxygen molecule 21, and mono-silane gas 19 will not progress too much, grain growth 
in a gaseous phase will be restricted, and it will be guessed that a particle-like oxidation silicone film precursor 
does not accumulate as film in substrate 3 front face. 

[0048] Moreover, as mentioned above, since the plasma consistency between the plasma confinement electrode 
20 and a counterelectrode 2 is very low, compared with the usual parallel monotonous plasma CVD, the plasma 
damage to a substrate 3 is stopped very low. 

[0049] To the case on the front face of silicon in which the front face of a substrate 3 forms an MOS interface, 
this effectiveness When it appears notably and Si02 film is formed on a single crystal silicon substrate by the 
usual parallel monotonous plasma CVD When an oxidation silicone film is formed by parallel monotonous remote 
plasma CVD to the MOS interface-state-density consistency being 101 1-1012cm-2eV-1 near a mid gap, it 
becomes an about [ -1010cm-2eV-1 ] low interface-state-density consistency. 

[0050] As mentioned above, although 1 operation gestalt of this invention has been explained in full detail with 
reference to a drawing, a concrete configuration is not restricted to this operation gestalt, and even if the design 
change of the range which does not deviate from the summary of this invention etc. occurs, it is included in this 
invention. For example, the parallel monotonous remote plasma CVD by the 2nd operation gestalt is explained 
using drawing 6 . Drawing 6 is the conceptual diagram showing the cross section of the configuration of parallel 
monotonous mold remote plasma-CVD equipment. About the same configuration as the conventional example 
and 1 operation gestalt, the same sign is attached and explanation of this configuration is omitted. 
[0051] In this drawing, the parallel monotonous mold remote plasma-CVD equipment of drawing 6 differing from 
the parallel monotonous remote plasma-CVD equipment of drawing 1 is that the gas supply plate 29 which the 
inert gas installation tubing 12 is connected, introduces inert gas (mono-silane gas 19) into it, equalizes gas 
concentration with the gaseous diffusion plate formed in the interior, and is injected to a substrate side does not 
have the function of plasma confinement. 

[0052] For this reason, that aperture is arbitrary if homogeneity injection of a radical 4 is possible for the radical 
passage hole 5 of the gas supply plate 29 which has a diffusion plate. Moreover, it is also possible to use it in the 
state of electric suspension, without grounding electrically. That is, although the gas supply plate 29 of the 
configuration itself is the same as that of the plasma confinement electrode 20 in 1 operation gestalt, the 
apertures of the point and radical passage hole which are not grounded differ. 

[0053] In addition, this gas supply plate 29 is located between the plasma confinement electrode 8 and a 
counterelectrode 2, and it is set up so that the distance F of the gas supply plate 29 and a substrate 3 may 
become 1 500 or less (however, number exceeding "0") times of average free process lambdag of the oxygen 
(the oxygen radical and oxygen molecule 21) / mono-silane mixed gas in the substrate processing field R. 
[0054] Except the above, it has the structure where the plasma confinement electrode 20 which has the gas 
supply plate 29 which has a diffusion plate in the 2nd operation gestalt, and a diffusion plate in 1 operation 
gestalt is the same. Moreover, the view about the relation of distribution of the hole which passes the radical 
passage hole and inert gas in the structure of the gaseous diffusion plate in the gas supply plate 29 and the 
number of gaseous diffusion plates, and a gaseous diffusion plate etc. is the same as that of the gaseous 
diffusion plate (the 1st gaseous diffusion plate and 2nd gaseous diffusion plate) formed in the plasma 
confinement electrode 20 in 1 operation gestalt 

[0055] Moreover, it is the same as that of the view about the distance D of the plasma confinement electrode 20 
and substrate 3 in 1 operation gestalt, an oxygen radical and the oxygen molecule 21, and the gaseous-phase 
chemical reaction of mono-silane gas 1 9 do not progress too much, grain growth in a gaseous phase is 
restricted, and particle does not deposit the view over the distance F of the gas supply plate 29 and a substrate 
3 on the front face of a substrate 3 as film, either. 
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[0056] In the above 1 operation gestalt and the 2nd operation gestalt, although the silicon oxide film formation 
using a mono silane and oxygen was mentioned as the example and this invention was explained, liquid Si raw 
materials, such as high order silanes, such as a disilane, and TEOS (Tetraethoxysilane), etc. are sufficient instead 
of a mono silane, and nitrous oxide, nitrogen oxide, etc. may be used instead of oxygen. 

[0057] Moreover, although explained by the remote plasma-CVD equipment in 1 operation gestalt and the 2nd 
operation gestalt which were mentioned above mentioning oxidation silicone film formation as an example Even if 
it uses the silicon nitride film formation by the reaction of a mono silane and ammonia etc. for the plasma-CVD 
membrane formation accompanied by the gaseous-phase chemical reaction of other ingredient systems, the 
same effectiveness as the film generated with 1 operation gestalt and the 2nd operation gestalt can be acquired 
to the generated film. 

[0058] Furthermore, although the example using parallel monotonous remote plasma-CVD equipment was given 
in the gestalt of the above operation, this invention will be applied, even if it is equipments of what kind of 
gestalt, such as plasma-CVD equipment using the microwave plasma, the electron cyclotron resonance plasma, 
inductively coupled plasma, and the helicon wave plasma, if it is plasma-CVD equipment with which two or more 
holes were prepared between the plasma production field and the substrate processing field R and which has a 
plasma confinement electrode for plasma separation. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the side-face schematic diagram of the parallel monotonous remote plasma-CVD equipment in 
the gestalt of operation of the 1st of this invention. 

[Drawing 2] It is the cross-section schematic diagram of an electrode in the slight plasma closing depth in the 
1st operation gestalt of this invention which has a diffusion plate. 

[Drawin g 3] It is the flat-surface schematic diagram of the up plate of an electrode, and a lower plate in the 
slight plasma closing depth in the gestalt of operation of the 1st of this invention which has a diffusion plate. 
[Drawin g 4] It is the flat-surface schematic diagram of the diffusion plate in the gestalt of operation of the 1st of 
this invention. 

[Drawing 5] It is drawing having shown the leak current characteristic of the deposited oxidation silicone film. 
[Drawing 6] It is the side-face schematic diagram of the parallel monotonous remote plasma-CVD equipment in 
the gestalt of operation of the 2nd of this invention. 

[Drawing 7] It is the side-face schematic diagram of the parallel monotonous remote plasma-CVD equipment in 
the conventional example. 

[Drawing 8] It is the cross-section schematic diagram of the plasma confinement electrode of the hollow 
structure in the conventional example. 

[ Drawing _9] It is the flat-surface schematic diagram of the plasma confinement electrode of the hollow structure 
in the conventional example. 

[Drawing 10] In the conventional example, it is the side-face schematic diagram of the parallel monotonous 
remote plasma-CVD equipment which showed how to supply inert gas from the vacuum chamber exterior to the 
plasma confinement electrode of hollow structure. 

[Drawing 1 1] In the plasma confinement electrode of the hollow structure in the conventional example, it is the 
cross-section schematic diagram of the plasma confinement electrode in which the situation of injection of gas 
is shown. 

[Description of Notations] 

1 RF Impression Electrode 

2 Counterelectrode 

3 Substrate 

4 Radical 

5 Radical Passage Hole 

6 Plasma 

7 Chamber Wall 

8 Plasma Confinement Electrode 

9 Inert Gas Nozzle 

10 Inert Gas 

1 1 Inert Gas for Plasma Decomposition 

12 Inert Gas Installation Tubing 

1 3 RF Generator 
16 Evacuation 

1 8 Oxygen Gas 

19 Mono-Silane Gas 

20 Plasma Confinement Electrode Which Has Diffusion Plate (Plasma Confinement Electrode) 
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21 Oxygen Radical and Oxygen Molecule 

22 Oxygen Plasma 

23 1st Gaseous Diffusion Plate 

24 2nd Gaseous Diffusion Plate 

26 Plasma Confinement Electrode Up Plate 

27 Plasma Confinement Electrode Lower Plate 
29 Gas Supply Plate Which Has Diffusion Plate 
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DRAWINGS 



[ Drawin g 1] 
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[Drawing 4] 
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[Drawing 5] 
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[Drawin g 6] 
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[Drawin g 7] 
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[Drawing 9] 
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[Drawing 10] 
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[Drawing 1 1] 
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